Introduction
In recent years a previously-unrecognized post-renal
We report a series of eight renal transplant patients on CyA who developed pain and arthralgia and were transplantation syndrome of acute bone and joint found to have acute bone-marrow oedema. These pain has emerged.1-4 The entity of acute, transient, eight patients were from a group of 28 consecutive severe lower-limb pain is more common in women patients transplanted in this department between and has been reported in patients receiving cyclospo-20 January 1995 and 2 May 1996. Two of these rin (CyA). The incidence and pathophysiology of this eight patients have been reported elsewhere,4 and syndrome are yet to be defined, but an aetiological we now document the other six. role for CyA has been suggested, as the symptoms have improved after either a reduction in the dose of CyA, or its withdrawal.1 In some patients this problem has been a forerunner of avascular necrosis Methods of bone. 2, 4 Magnetic resonance imaging (MRI) has been We identified eight renal transplant recipients on an reported to be the most sensitive imaging modality immunosuppressive regimen including CyA7 who for detecting the changes of acute bone-marrow presented with unexplained musculoskeletal pain. oedema that are the dominating feature of this Identifiable causes such as gout, osteoarthritis and septic arthritis were excluded. No patient had syndrome. 5, 6 evidence of secondary hyperparathyroidism on serial hand radiographs performed prior to transplantation. All patients were examined by a nephrologist and then by the same orthopaedic surgeon. The patients were investigated using plain radiographs, 99mtechnet-ium diphosphonate bone scintigrams and MRI scans (Philips Gyroscan 0.5T) In some patients having an MRI scan, T1-and T2-weighted images and short T1 inversion recovery (STIR) sequences of the affected sites were undertaken, and repeated if the pain persisted or worsened. All of the radiology was reviewed by one of us (THH). The clinical details of the six patients are included below and summarized in Table 1 . The results of the serial imaging are included in Table 2 .
Patient 1
A 17-year-old woman with a single pelvic kidney presented with crescentic glomerulonephritis and was treated with intermittent oral steroids and three courses of intravenous methylprednisolone over a 5-year period. After a year on haemodialysis she received a cadaveric transplant, at the age of 22 years. She had an episode of acute rejection which was treated successfully with 3×0.5 g boluses of methylprednisolone. Ten months after transplantation she developed moderately severe pain in both hip joints (R>L) with difficulty in walking. On examination, she was noted to be limping with restriction of abduction and internal and external rotation at the right hip joint, and restriction of abduction at the left hip joint. At that time, she was on prednisone 10 mg/day, azathioprine 1.1 mg/kg/day and CyA 2.7 mg/kg/12h. Initial radiographs were normal, but scintigraphy and MRI (Figure 1a and b) were consistent with acute bone-marrow odema and early AVN. One month later, she underwent core decompression of both femoral heads with relief of pain. Eighteen months after transplantation, she was still limping and had minor restriction of movement in the right hip, with radiological evidence of extensive bone absorption in the weight-bearing area of the femoral head with surrounding sclerosis and some collapse of the weight-bearing surfaces consistent with AVN.
Patient 2
A 45-year-old woman who had been on prednisone for 27 months for systemic lupus erythematosus developed chronic renal failure and was on haemodialysis for 3 months before switching to continuous ambulatory peritoneal dialysis. Four months later she underwent a live related renal transplant from her brother. On day 15, she developed severe acute rejection and was treated successfully with 4×1g intravenous pulses of methylprednisolone followed by a 7-day course of OKT3. On day 21, she had a history of asthma since childhood necessitating complained of severe pain involving both hips intermittent courses of oral prednisone over the last and knees with great difficulty in walking.
15 years. Three weeks after transplantation, she had Immunosuppression consisted of prednisone an acute rejection and was given 3×1 g intravenous 20 mg/day, azathioprine 1.9 mg/kg/day and CyA pulses of methylprednisolone. One week later she 4 mg/kg/12h. Clinical examination revealed small developed severe pain in both hips, knees and feet, effusions in both knee joints. Bone scintigraphy especially the left ankle. At that time, she was on showed increased tracer uptake about both knees prednisone 20 mg/day, azathioprine 2.1 mg/kg/day (Figure 2 ) which later resolved. Radiography and and CyA 4.1 mg/kg/12h. Examination revealed bilat-MRI (day 60) were normal. She recovered spontaneral knee joint effusions with quadriceps wasting and eously within 9 weeks, and the scintigraphic changes swelling over the left ankle joint. Sequential MRI disappeared.
(days 48 and 76) of the calcanei showed developing bilateral insufficiency stress fractures with sur-
Patient 3
rounding bone-marrow oedema (Figure 3a and b) . Similar uptake in the calcanei was noted on bone A 28-year-old woman with reflux nephropathy underwent a live donor transplant from her mother. She scintigraphy. Initial radiographs were normal, but (2.7-3.0 mmol/l) since transplantation, and parathyroidectomy has been planned.
Patient 5
A 65-year-old man with hypertensive nephrosclerosis had been on haemodialysis for 14 months prior to transplantation. He was given a total of 5 g methylprednisolone for acute rejection. Twelve weeks later, he developed pain in both ankles and feet, and 3 weeks later, pain in both knees, particularly the right, which confined him to a wheelchair. MRI showed bone-marrow oedema in the subarticular bone of both knees ( Figure 5) , with normal radiographs. At the onset of pain he was on prednisone 15 mg/day, azathioprine 1.9 mg/kg/day, and CyA 1.7 mg/kg/12h. He required non-steroidal anti-inflammatory medication for several weeks before the pain settled.
Patient 6
A 32-year-old woman with renal failure secondary to mesangioproliferative glomerulonephritis had been on continuous ambulatory peritoneal dialysis for 8 months before undergoing a cadaveric renal transplant. No acute rejection occurred. Ten weeks later 
mg/kg/12h. Clinical examination was normal.
Although radiographs were normal, bone scintigraphy showed bilateral increased tracer uptake in subsequently showed bilateral stress fractures the tarsal bones and around the subtalar joints (Figure 3c ). The pain settled spontaneously over the (Figure 6 ), while MRI showed bone-marrow oedema next 4 weeks.
in the neck of the talus bilaterally. Over the next few weeks the pain persisted and the patient was advised to limit activities and use air-heel-soled
Patient 4
shoes. Spontaneous resolution of pain occurred by A 53-year-old woman with polycystic kidney disease 16 weeks. had been on haemodialysis for 7 months before having a renal transplant from her daughter. She developed acute rejection necessitating a total of 8 g Discussion methylprednisolone for the same. The patient was treated with ciprofloxacin for a urinary tract infection
In this institution, 8/28 consecutive renal transplant recipients developed a syndrome of transient, severe and developed achilles tendonitis. This settled, but 4 months after transplantation she developed bone and joint pain involving the lower extremities. The first two patients have been described severe pain in both hips, knees, ankles and feet. Immunosuppression consisted of prednisone 12.5 mg elsewhere.4 Pain developed at 3-40 weeks (mean 14) after daily, azathioprine 1.1 mg/kg/day and CyA 2.3 mg/kg/12h. There was tenderness and mild transplantation, was often bilateral, and was exacerbated with activity and partially relieved by rest. restriction of movement at the ankle joints. MRI showed bone-marrow oedema of both calcanei Difficulty with walking was a major presenting symptom. Clinical examinations of the affected areas ( Figure 4 ) and less so in the subarticular bone in both knees. Radiographs showed osteopaenia. Bone were unremarkable. Patient 1 had a normal radiograph of the hips at scintigraphy showed no abnormality in the calcanei, but a minor stress reaction at two metatarsal heads.
the onset of pain, but the MRI changes were suggestive of bone-marrow oedema and AVN of both The patient recovered completely in 14 weeks. This patient has had persistent hypercalcaemia femoral heads (right greater than left). Four weeks a b c Figure 3 . a Sagittal T1-weighted MRI of the right calcaneus on day 76 and b T2-weighted MRI of the right calcaneus on day 76. The calcaneus shows the healing insufficiency-type stress fracture (arrows) with elongation of linear low signal with surrounding bone-marrow oedema (low signal T1, high signal T2). c Lateral radiographs of the right calcaneus on day 40 (left) and day 123 (right) post-transplant. The initial image is normal and the subsequent image shows a band of sclerosis with superoposterior to anteroinferior in the body of the calcaneus (arrow) representing a healing stress fracture.
later, she underwent bilateral core decompression of changes consistent with acute bone-marrow oedema and insufficiency-type stress fractures, i.e. low signal the hip joints, which relieved the pain. The bone histology confirmed AVN. A repeat plain radiograph intensity on T1-weighted images and high signal on T2-weighting, with a linear band of low signal of the hips confirmed AVN of both femoral heads. Patient 2 had impressive changes on bone scinticentrally on both sequences. A repeat plain radiograph of the affected area 3 months later showed graphy which resolved as clinical improvement occurred, but there was no bone-marrow oedema bands of bony sclerosis in both calcanei, compatible with healing insufficiency fractures. Similar changes evident on a subsequent MRI. The latter, however, was done 2 weeks after the initial scintigram, and of bone marrow oedema were observed on MRI in both calcanei of patient 4, and the neck of the talus STIR sequences were not done. This delay in time, as well as the fact that STIR sequences were not bilaterally in patient 6. All of our affected patients had a spontaneous performed, may have resulted in the failure to demonstrate the early, subtle changes of boneremission of pain within 4 to 16 weeks of its onset, in accordance with other reports.2,4,8,9 Goffin et al.2 marrow oedema. Patient 3, who had severe pain in the ankles and feet had a normal plain X-ray at the found that 10% of their patients developed this problem within 6 months of transplantation, and onset of pain, while scintigraphy detected enhanced tracer retention in both calcanei. Serial MRIs showed suggested that this was due to epiphyseal trabecular changes in our patients 2, 4 and 6, as all three were involved in an active physical exercise programme following transplantation. Rest and protective footwear appeared to diminish the pain. The characteristic changes seen on MRI represent an increase in the free water content of the bone marrow, thought to be either oedema or vascular congestion of the bone medullary spaces.6 These appearances have been reported to occur with stress fractures and transient osteoporosis, as well as AVN. 10 The cause of this syndrome is yet to be elucidated. Some authors9 have noted that symptoms of bone pain coincided with the introduction of CyA in the immunosuppressive regimen. Data from animal studies have suggested that the symptoms could be the result of a toxic effect of CyA on bone.11 However, it is unlikely to be the only responsible factor, as similar symptoms have been reported in patients not receiving CyA.12 Acute pain and effusion in the knee joint was reported over 20 years ago after the introduction of intravenous methylprednisolone.13,14 AVN is a well-recognized complication after 
